and delayed (>24-120 h) phases of chemotherapy cycles 1-4 in each study were evaluated. Results: In Study 1, 1450 patients received 5969 chemotherapy cycles; in Study 2, 412 patients received 1961 chemotherapy cycles. In each study, ≥75% of patients completed 4 or more cycles. In Study 1, oral NEPA was superior to palonosetron in preventing chemotherapy-induced nausea and vomiting (CINV) in the acute and delayed phases of cycle 1, with higher rates of CR (all P < 0.05), no emesis (all P < 0.05), and NSN (delayed phase P < 0.05 cycles 1, 2, and 4) reported across 4 cycles. In Study 2, oral NEPA had numerically higher CR and NSN rates in the acute and delayed phases than aprepitant-palonosetron in MEC/HEC patients. Conclusion: Oral NEPA was highly effective in preventing both acute and delayed CINV over multiple chemotherapy cycles of HEC, AC, and MEC regimens. Clinical trial registration numbers: Study 1, NCT01339260; Study 2, NCT01376297.
| INTRODUCTION
Chemotherapy-induced nausea and vomiting (CINV) is a debilitating complication and one of multiple adverse events frequently reported in patients receiving routine chemotherapy. If poorly controlled, CINV impairs quality of life 1 and may compromise anticancer treatment adherence (reviewed in Hesketh 2 ). Nausea and vomiting belong to a cluster of symptoms that if correctly managed, may lead to longer survival. 3, 4 CINV is primarily mediated through neurotransmitters, such as serotonin, substance P, and dopamine, 5 and can be categorized into acute (0-24 h) and delayed phases (>24-120 h). 2 Acute CINV results mainly from serotonin's action on the 5-hydroxytryptamine-3 (5-HT 3 ) receptor, while delayed CINV is mainly mediated by substance P acting on the neurokinin-1 (NK 1 ) receptor. 6 Delayed CINV occurs more frequently than acute CINV, 1, 7 and is experienced by over 50% of patients receiving chemotherapy, despite antiemetic prophylaxis use. 1, 7 It tends to be underreported by patients, and the incidence is underestimated by most oncology physicians and nurses. [7] [8] [9] For effective antiemetic prophylaxis, control throughout the entire period of emetic risk in the first and subsequent chemotherapy cycles is necessary. 10 If CINV is inadequately controlled in the first cycle, it may become more difficult to manage, 11 with a 14% increased risk of CINV in subsequent cycles. 12 Controlling CINV over multiple cycles with an NK 1 receptor antagonist (RA) has been shown to reduce resource utilization, particularly by preventing delayed CINV. 13, 14 Prevention of CINV from the first cycle therefore remains the main goal for successful CINV control. Current antiemetic guidelines of the National Comprehensive Cancer Network (NCCN) 15 and the Multinational Association of Supportive Care in Cancer (MASCC)/European Society for Medical Oncology (ESMO) 16 recommend the triplet combination of an NK 1 RA, a 5-HT 3 RA, and dexamethasone (DEX) to prevent CINV in patients receiving highly emetogenic chemotherapy (HEC). [15] [16] [17] The American Society of Clinical Oncology (ASCO) and NCCN endorse the addition of olanzapine to this triplet in patients receiving HEC and before the start of chemotherapy, with additional prophylaxis (DEX and olanzapine) on days 2-4 of chemotherapy; NK 1 RA aprepitant (APR) is part of the prophylaxis on days 2-3 if given on day 1. Oral NEPA is the first and only antiemetic combination agent; it is composed of netupitant (300 mg), a highly selective NK 1 RA, and the pharmacologically 18 and clinically 19 distinct 5-HT 3 RA palonosetron (PALO, 0.50 mg).
NEPA thereby antagonizes 2 key neurotransmitters involved in the pathophysiology of CINV, and provides acute and delayed CINV control with a single dose. Real-world evidence suggests complicated antiemetic schedules are often not followed by patients, leading to mistakes/missed doses of prophylactic agents prescribed to be taken over multiple days. 5 The convenient administration schedule of oral NEPA may therefore enable improved adherence to the antiemetic regimen and guidelines. Oral NEPA has been shown to be superior to oral PALO in preventing CINV during the acute, delayed, and overall phases following the first cycle of cisplatin-based 20 or anthracycline-cyclophosphamide (AC)-based chemotherapy. 21 Oral NEPA is well tolerated, with a safety profile consistent with the NK 1 RA and 5-HT 3 RA classes. 20, 21 An intravenous (IV) formulation of the NEPA fixed combination has been developed to offer clinicians and patients further convenience, and IV NEPA plus DEX was recently approved by the US Food and Drug Administration for the prevention of CINV in patients receiving HEC, with a limitation of use in AC-based chemotherapy. 22 A phase IIIb study evaluating the safety of IV NEPA in patients receiving AC-based chemotherapy is ongoing. Two phase III studies, evaluating the efficacy and safety of oral NEPA over multiple cycles of chemotherapy, form the basis of this report. 21, 23, 24 In both studies, previously published data demonstrated that oral NEPA maintained antiemetic control during the 5-day period following chemotherapy (overall phase) over at least 4 cycles of chemotherapy. 23, 24 Oral NEPA also showed superior complete response (CR) rates compared with oral PALO during the overall phase in cycle 1, and the difference was statistically significant over repeated cycles. 23 At the time both trials were conducted, MEC included AC-based regimens in patients with breast cancer (referred to herein as AC MEC). However, AC-based 24 This report focuses on the efficacy of oral NEPA during the acute and delayed phases over 4 cycles of chemotherapy in these studies.
| METHODS

| Studies
Two international, randomized, double-blind phase III trials, Study 1 (NCT01339260) 21 and Study 2 (NCT01376297), 24 were analyzed. Both evaluated the efficacy of oral NEPA in patients with solid tumors, including patients diagnosed with any malignant tumor in Study 2. Detailed study designs, methods, and eligibility criteria have been reported previously and are summarized in Figure 1 . 21, 24 Oral DEX was open-label and the dosing schedule was based on the emetogenicity of the chemotherapy according to the antiemetic guidelines valid at the time the studies were performed. 25 Both study protocols were approved by the relevant ethical review committees, all patients provided written informed consent, and all investigators and site personnel followed International Conference on Harmonization E6 Good Clinical Practice guidelines, Declaration of Helsinki (2008) ethical principles, and local laws and regulations.
| Assessments
CR (defined as no emesis and no rescue medication) and no significant nausea (NSN; defined as a score of <25 mm on a visual analog scale of 100 mm) were assessed during the acute and delayed phases after chemotherapy initiation, for the first 4 cycles; "no emesis" was also collected in Study 1.
F I G U R E 1
Schemas of 2 international, randomized, double-blind phase III trials: Study 1 (NCT01339260) 21 and Study 2 (NCT01376297). 
| Statistical considerations
Efficacy data were not pooled across the 2 studies because of different study objectives, designs, chemotherapy regimens, and populations. All efficacy analyses were undertaken on the full analysis set (defined as all randomized patients who received chemotherapy and study drug). In Study 1, CR, no emesis, and NSN rates for the oral NEPA and oral PALO arms were compared using a 2-sided Cochran-Mantel-Haenszel test stratified by age class (<55 years, ≥55 years) and region (US, Latin America, Europe, Commonwealth of Independent States, and Asia) for all 4 cycles; this test was the same used at cycle 1 for the primary and key secondary efficacy analyses as per prespecified study plan. For cycles 2-4, a formal statistical comparison was not prespecified; no method to adjust for multiplicity was applied. No formal comparisons of efficacy were made between the oral NEPA and oral APR-PALO arms in Study 2, as its primary endpoint was safety. CR and NSN rates are also reported separately for the subsets of NEPA patients receiving either MEC or HEC; APR-PALO data are not included for these chemotherapy subsets since the small sample size (considering the 3:1 randomization ratio) hindered interpretation, especially for repeated cycles.
As most patients completed their planned therapy after 4 treatment cycles, efficacy data are presented over only cycles 1-4 (safety data have been previously published 21 ).
| RESULTS
| Analyzed patient population
In total, 1455 patients were randomized in Study 1: 726 to oral NEPA and 729 to oral PALO ( Baseline and disease characteristics from both studies are reported in Table 2 . These characteristics remained consistent across cycles, and were similar between treatment arms. In Study 1, the median age was 54 years, 98.1% of patients were female, and 97.4% had breast cancer. In Study 2, the median age was 58 years, 50% of patients were female, and the most prevalent cancer was lung/respiratory cancer (37.4%). Per protocol, most patients (75.7%) received MEC (Table 3) .
| Efficacy
| Study 1
Oral NEPA was superior to oral PALO in preventing CINV in the acute and delayed phases in cycle 1 (Table 3 , Figure 2A ), with high rates of control maintained in subsequent cycles. In the oral NEPA group, CR rates ranged from 88.4% to 91.6%, and 76.9% to 85.5% for the acute and delayed phases, respectively, across 4 cycles. These rates were higher and differences were statistically significant compared with the PALO group (between-group comparisons for individual cycles, all P < 0.05 not adjusted for multiplicity). Likewise, higher rates of NSN and no emesis were observed for oral NEPA versus oral PALO (Table 4 ). In the oral NEPA group, the rates of no emesis across 4 cycles ranged from 90.9% to 93.1%, and 81.8% to 89.5% for the acute and delayed phases, respectively, and differences were statistically significant compared with the PALO-treatment group (between-group comparisons for individual cycles, all P < 0.05 not adjusted for multiplicity). In the oral NEPA group, the rates of NSN across 4 cycles ranged from 87.3% to 91.3%, and 76.9% to 81.7% for the acute and delayed phases, respectively; differences were statistically significant in the delayed-phase NSN rates compared with the PALO group (between-group comparisons for individual cycles, P < 0.05 for cycles 1, 2, and 4 not adjusted for multiplicity).
| Study 2
In Study 2, the CR rates were high across cycles 1-4 for both treatment groups. In patients treated with oral NEPA, CR rates ranged from 92.9% to 96.6%, and 83.2% to 91.5% for the acute and delayed phases, respectively. These rates were similar but numerically higher compared with oral APR-PALO, except for acute CR and acute NSN in cycle 1 (Table 4 , Figure 2B ). Similar results were seen in the subsets of NEPA patients receiving MEC (n = 235 at cycle 1 NSN rates were also high in both treatment groups, with numerically higher rates for NEPA compared with APR-PALO. Across cycles 1-4, NEPA-treated patients had NSN rates ranging from 90.6% to 97.0%, and 85.1% to 91.8% in the acute and delayed phases, respectively (Table 4) .
| DISCUSSION
This report presents the efficacy results of 2 pivotal trials evaluating the safety and efficacy of oral NEPA in the acute and delayed phases over multiple chemotherapy cycles in patients with solid tumors (in Study 2, patients with any malignant tumor were eligible). In Study 1, superiority of NEPA to PALO in preventing CINV in the acute, delayed, and overall phases during cycle 1 of AC-based chemotherapy was clearly demonstrated, 21 with overall CR sustained across multiple cycles 23 (overall CR for oral NEPA was 74.3%-83.8% across 4 cycles; overall no emesis and NSN rates for oral NEPA were 79.8%-88.3% and 74.6%-80.2%, respectively, all across 4 cycles [ Table 3 ]). The current analysis now reports higher response rates with NEPA, compared with PALO, for all 3 efficacy measures (CR, NSN, and no emesis) during the acute and delayed phases across all 4 chemotherapy cycles (P < 0.05 not adjusted for multiplicity). In the previously reported results of Study 2, the safety and efficacy with NEPA were maintained, and NEPA resulted in numerically higher overall CR rates than APR-PALO in cycle 1 and subsequent cycles 24 (overall CR for oral NEPA was 80.6%-90.7% across 4 cycles; overall NSN for oral NEPA was 84.1%-91.8% across 4 cycles [ Table 3 ]). This current analysis also found CR and NSN rates were numerically higher for NEPA in the acute and delayed phases for both the overall population and the MEC and HEC subgroups. Collectively, these data show the efficacy of oral NEPA in preventing CINV, particularly in the delayed phase in cycle 1; this was maintained over multiple cycles. NK 1 RA regimens have historically been studied primarily in cisplatinbased HEC and AC settings, so these data expand the known efficacy of NEPA, ergo NK 1 RA regimens, to MEC regimens as well. These findings are thus rellevant to a broad range of chemotherapeutic settings, which is important considering the recent reclassification in the guidelines of carboplatin AUC ≥ 4 15 and AC combination regimens to HEC. [15] [16] [17] The high NSN rates are notable given the unmet clinical need for CINV prevention in the delayed setting, particularly for nausea control. 26 Evidence from phase III studies of APR showed "no nausea" rates between 44% and 71%, and NSN rates between 57% and 78% in the delayed phase. [27] [28] [29] [30] [31] A study of the NK 1 RA rolapitant added to a granisetron-DEX regimen reported no statistically significant improvement to nausea control in patients receiving AC and non-AC HEC.
32
Another pooled analysis of 2 studies in patients receiving cisplatin-based HEC reported statistically higher rates of NSN and "no nausea" in patients receiving rolapitantgranisetron-DEX, compared with those receiving granisetron-DEX alone. However, when analyzed separately, 1 of the 2 trials showed no statistically significant difference in NSN rates. 33 Another study reported statistically significantly higher NSN but not "no nausea" rates in patients receiving rolapitantondansetron-DEX compared with ondansetron-DEX with cisplatin-based HEC. 34 Each of the 2 studies in this analysis reported more than 3-quarters of patients evaluable at the end of cycle 4. This is in contrast to other studies investigating antiemetic usage across multiple cycles. A recent post-hoc analysis of pooled efficacy data from 4 trials of rolapitant presenting data from 2637 patients undergoing up to 6 cycles of chemotherapy reported that only ~50% completed cycle 4. 35 Other multiple-cycle trials of antiemetics also reported high dropout rates, which has hampered the interpretation of results in these studies.
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Despite NEPA's sustained efficacy over multiple cycles reported in the present analysis, there are limitations to our methodology. The 2 studies were sufficiently heterogeneous, preventing pooled analysis, and the main focus of Study 2 was on safety, hence not designed to formally compare the efficacy of oral NEPA with an APR triplet (the APR-PALO arm was included only as a safety reference). Furthermore, the increased percentage of patients in both studies with CR and NSN in subsequent cycles may reflect a selection bias in which responders, but not nonresponders, preferentially continued to receive further cycles. In the subset of patients treated with MEC, 60% of patients received carboplatin. It is noteworthy that carboplatin was considered as MEC by all guidelines at the time the study was conducted; however, all guidelines currently recommend antiemetics consistent with those administered for HEC in patients receiving carboplatin AUC ≥ 4 mg mL −1 min.
In conclusion, oral NEPA, the first antiemetic combination agent targeting 2 critical emetic pathways, demonstrated superiority over PALO in terms of CR in all 3 phases of cycle 1 (Study 1); also, NEPA resulted in high CR and NSN rates during the acute and delayed phases, as well as in the overall phase across the 4 cycles (Studies 1 and 2), regardless of whether patients were receiving an AC MEC, non-AC MEC, or HEC regimen. Preservation of the antiemetic effect of oral NEPA over multiple cycles suggests the utility of this agent in providing sustained CINV control beyond the first cycle. The convenient fixed single-dose, once-per-cycle administration of oral NEPA may improve adherence to antiemetic guidelines and increase treatment compliance, hence improve CINV prevention; this will need to be verified in prospective studies.
